The case presented is that of a man in his late 60s who experienced an acute anterior myocardial infarction. A complete 2D echocardiogram with color flow and Doppler imaging had been performed on the patient's first hospital day. On day 2 of his hospitalization, a follow-up limited study was performed to reevaluate left ventricular function. Cardiac function was essentially unchanged from the prior day's study. However, color flow Doppler was performed, and a distal septal ventricular septal defect was detected incidentally, only in the final apical view while using the full-height color sector box. This study demonstrates the value of using the full-size color sector box as a screening tool when performing color flow Doppler. Current highcapacity (256 channel and above) equipment assists the sonographer with image optimization and decreases the need to use the truncated color flow box.
Acute myocardial infarction (AMI) is a frequent indication for echocardiography. Potential mechanical complications of acute myocardial infarction include ventricular septal defect (VSD), rupture of the free wall, papillary muscle rupture, papillary muscle dysfunction with mitral regurgitation, left ventricular aneurysm, false aneurysm, left ventricular thrombus, and pump failure. 1 VSDs occur in 0.2% of patients experiencing anterior myocardial infarction, but 15% of all AMI deaths involve torn or ruptured myocardium, usually occurring within one to four days after infarct. VSDs occur more frequently in females and in the elderly. Nearly half of the patients in whom infarct-related ventricular septal rupture develops have singlevessel coronary artery disease. 2 An acute VSD is clinically characterized by a new harsh, loud holosystolic murmur, best heard at the lower left sternal border. 3 A VSD can lead to abrupt hemodynamic collapse or a more subacute deterioration of progressive hypotension and cardiogenic shock. Survival depends on the rapid diagnosis and timely surgical repair.
Principal diagnostic tools for detecting VSD include transthoracic and transesophageal echocardiography. Other modalities of diagnosis include right heart catheterization with analysis of oxygen saturation data, as well as left heart catheterization with left ventriculography to visualize a left-to-right shunt.
Case Presentation
The patient is a man in his late 60s who presented to a community hospital with severe chest pain of several hours' duration. An electrocardiogram revealed an acute AMI. A complete 2D echocardiogram with color flow and Doppler imaging study was performed to evaluate the left ventricular function, using a Siemens Sequoia system using a phased-array 3V2 multifrequency transducer and a truncated-size color Doppler box (see Fig. 1 ). The study demonstrated anterior apical akinesia with preserved left ventricular function. The patient un-derwent primary angioplasty and stenting of the left anterior descending artery. The patient became hypotensive on the following day. A follow-up "limited study" was performed to reevaluate left ventricular function and continued to show anterior apical hypokinesia and akinesia of the distal septum and apex. Color flow Doppler was performed, and a distal septal VSD was detected incidentally while the sonographer was moving the full-height color sector from the left ventricular outflow tract (LVOT) area to the right atrium and right ventricle (see Fig. 2 ).
The patient was stabilized with an intra-aortic balloon pump and airlifted to a metropolitan cardiac surgery referral center for emergency repair of the postinfarction VSD using the Teflon Felt Patch and pericardium. The patient is now doing well more than one year after surgery.
Discussion
The goal of sonography is image optimization. Sonographers maximize the color Doppler image frame rate in any of the following ways: reducing the size of the color box, using a smaller image, decreasing image depth, increasing the measurable Doppler scale, or changing to a lower frequency transducer. However, optimizing one image setting potentially comes at a cost elsewhere. For example, a smaller color sector yields a higher frame rate and better resolution but at the cost of limited area coverage.
When performing echocardiography, multiple views and color flow Doppler studies should be used to evaluate the potential complications of a myocardial infarction. However, often a follow-up "limited study" is requested without Doppler, which raises the following question: should Doppler always be used during a repeat limited study? One report demonstrated that roughly 65% of patients referred for a routine echocardiogram would have new diagnostic information provided by the addition of a Doppler study. 4 On the other hand, practical and financial constraints do not allow such detailed and extensive examinations for every study. One reasonable approach would be to reserve Doppler flow examinations to patients with obvious structural abnormalities while performing color flow Doppler in patients with structurally normal hearts only when a specific question has been asked that requires Doppler flow information. 4 Color flow Doppler is a pulsed Doppler technique in which each pixel of the 2D image acts as a sample volume and displays the movement of blood as a colored dot. The 2D image consists of individual scan lines, with multiple sample sites on each line receiving from up to eight individual pulses of ultrasound (nearly 15,000 sample volumes). The mean velocities from these multiple sampling sites are calculated using autocorrelation and eventually displayed in three modes of color, which in turn provide information about direction of flow, velocity, and turbulence. 5 The number of transducer elements, which refer to the number of crystals located in the footprint of the transducer, affects the frame rate as well. Each element is capable of sending and receiving sound waves. One method available to improve the frame rate would be to adjust the density of the signal by reducing the size of the color box, thus also reducing the number of lines per frame. If the color sector box size is adjusted to decrease the width (i.e., more narrow box), the frame rate increases. Increasing the width will decrease the color flow image rate. If the number of lines per frame is decreased, spatial undersampling or a reduced examination area occurs. 6 The increased number of sonographic equipment channels available today allows for the improved processing power necessary to present higher color flow imaging frame rates. Channels pertain to computer processing capacity. The number of channels used within the color flow image is proportional to the color image frame rate presentation. Typical color flow mapping frame rates are less than 15 frames per second, whereas a higher frame rate is desirable to follow cardiac dynamics. Older 64-channel echocardiographic equipment required the use of the truncated color Doppler box and the RES (enhanced resolution) function to increase the image frame rate and improve resolution.
The more advanced 256-channel processors now available automatically correct the sampling frame rate for a larger height color box (see Fig. 3 ). The processing power available from these 256channel and higher processors gives the sonographer increased capability in evaluating highspeed cardiac flow dynamics using the full-size color box. The increased processing power and the larger color box allow the sonographer to interrogate larger areas in a shorter time span.
The color sector can and should be adjusted to increase the frame rate and "zero in" on the area of interest. 7 However, the sonographer must be careful not to shorten the color sector size as a matter of routine and overlook any areas of potential importance.
Conclusion
Time and financial constraints require the use of follow-up limited-study echocardiograms and are usually performed quickly and accurately, but important pathology can be overlooked if the study is performed too quickly without using the maximumheight color flow Doppler box technique. 88 While performing a follow-up limited study on a patient after a myocardial infarction, it is of utmost importance to look for the serious, albeit rare, VSD and to perform the examination with color flow Doppler using the maximum-height color Doppler box without jeopardizing the color flow sampling frame rate. We suggest that the sonographer consider using the full-height color flow Doppler sector box as a screening tool versus relying solely on the truncated color box. 
